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ABSTRACT: At the population level the polymor- 
phic species Archips podana Scop. (Lepidoptera : Tortri- 
cidae) maintains homeostasis between insects-specialists 
and generalists by the reproductive behavior. Inbreeding 
leads to a drop in the quantity of the fertilized females. 
Males of only one, ecologically more specialized geno- 
type P’P* (phenotypes B and 0) appear in F,. Females 
begin to attract some number of males without spines on 
the aedeagus (penotype 0). However the sexual behavior 
of males of phenotype 0 is close to the behavior of males 
of the opposed genotype P'P' (phenotype A). As a result, 
at the population level, the probability of fertilization of 
females by males of the opposed genotype rises. In the 
filial generation the quota of heterozygous individuals 
(P!P?) which characterize insects-generalists increases. 


PE3IOME: Ha nonynannonnom ypoBHe mon- 
Mopoupiit Buy Archips podana Scop. (Lepidoptera: 
Tortricidae) noaaepxuBaeT roMeocTa3 Mey Hace- 
KOMBIMH- CiielWasIMcTaMH M reHepaJMcCTaAMH C IMO- 
MONIÞIO PelpOAYKTHBHOTO NOBEMCHHA. BJIM3KOpPOM- 
CTBeHHOe CKpeIHBaAHHE INpPHBOJMT K CHMKCHHIO KO- 
JIMYECTBA ONNOMOTBOPEHHDIX CaMOK. B F, mossa- 
IOTCA CAMIIbI TOJIÞKO OMHOTO, 9KOOryyecKkH Oosee 
cnermannsapoBanoro reHotuna P?P? (þenormnsi B 
n 0). CaMkv HaynHaroT MpHBJIEKaATb HEKOTOpOE KO- 
JIMYeCTBO CaMIIOB 6e3 3yY6QOB Ha 3gearyce (þenornn 
0). OqHako ToOBOe ToOBeeHHe camyoB þenorana 0 
O1H3KO K MOBeCCHHIO CaMILOB MpOTHBOTIOOKHOTO 
reHotuna P'P' (bexorun A), B pe3ylbTaTe uero Ha 
YPOBHe MOMYJIANHH MOBbILIaeTCA BeCPOATHOCTH ON- 
JIOMOTBOPeCHHA CaMOK CaMI[aMH IIPOTHBOTOJIOXKHO- 
ro reHotuna. B cyeqyrOuleM MOKOJIeHHH BO3pacTaeT 
TOA TeTepO3MrOTHbIX Ocobel (reHoTum P'P?), xa- 
PaKTepH3yIOWIMX HACeKOMBIX-reHepasHCTOB. 


Introduction 


In articles on population phenetics the question of 
the homeostasis of polymorphic populations and mecha- 


nisms of its support often arises [Imasheva, 1998; No- 
vozhenov & Mikhailov, 1998]. As it is affirmed in R. 
Robinson’s survey [1971], nonpolymorphic species of 
moths do not exist. It may also be connected with the fact 
that polymorphic populations use the environment more 
fully than monomorphic ones [Novozhenoy, 1997]. 

Numerous investigations on the model polymorphic 
species, the apple surface eating tortricid Archips po- 
dana Scop. (Lepidoptera : Tortricidae), have led to the 
identification of four morphological forms of the sex 
apparatus for both males and females [Safonkin & 
Kulikov, 2001]. Males differ in the number and location 
of spines on the aedeagus (symbols: A — a spine is on 
the end of the aedeagus, B — a spine is on the side, A+B 
— both spines are on the aedeagus, 0 — no spines). The 
gene, which controls this trait, is in one of the autosomal 
linkage groups. Homozygous males with genotype P'P' 
have one spine A, P?P* — one spine B, while heterozy- 
gous ones (P'P?) have both spines. Morphological type 
0 is characterized by the absence of the spine in pheno- 
type B. The connection has been shown between the 
gene, responsible for the phenotypic display of the 
structural trait of the sex apparatus, with a complex of 
characteristics which include ecology and sexual behav- 
ior of individuals. For females, the presence of cuticular 
outgrowths on the external side of the antrum has been 
noted [Safonkin, 2000a]. The outgrowths differ in loca- 
tion and number (symbols: C — an outgrowth is in the 
center, L — an outgrowth is on the side, D — two 
outgrowths, Z — absence of outgrowths). Possibly, this 
trait is under the polygenic control. 

The purpose of the present investigation was to study 
one of the possible mechanisms of maintaining poly- 
morphism of populations at the level of the reproductive 
behavior. 


Methods 


The study was conducted in the suburbs of Moscow 
within 1997-2000. At the beginning the larvae of Ar- 
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Fig. 1. Scheme of imago crossings of different phenotypes in the two lines of Archips podana Scop. under the experiments of 1997— 
2000. B, A+B, C, L, D, Z — phenotypes of males and females; 1 and 2 — numbers of the lines under study; arrows — imagos-progenies 
from the stated type of crossing. The remaining explanations are in the text. 


Puc. 1. Cxema cKkpemjupaHua umaro pa3HbIX PeHOTMMOB B ABYX AMHUAX 110 9kcHepumeHTam 1997—2000 rr. B, A+B, C, L, D, Z — 
denorunbl camyoB n camox, 1 n 2 — HomMepa uccAeAyeMbIX AMHUM; CTpeAKU — UMarO-NOTOMKU OT AaHHOrO TUNA CKpeljuBaHua. 


Ocraapypie OObACHEHUA B TeKCTe. 


chips podana and those of filial generations, gathered in 
an apple orchard, were fed on branches of different fruit 
trees. Imagos, after emergence, were put into Petri 
dishes in pairs and kept there till their death. The larvae, 
which emerged in the same Petri dishes, were put on the 
branches of fruit trees in capron cages. Not less than 3- 
5 leaves of a branch were allotted per larva of the 2nd 
instar. The posterity from each imaginal pair was reared 
separately. For wintering the diapausing larvae were 
transferred in the capron cages to the level of the ground 
litter in the orchard. 

The attractiveness of virgin females was determined 
by placing them in the apple garden. For this, each 
female was at once put into a cylinder cage of 4 cm di and 
6cmh, with a cell of 2x2 mm. Each cage with moistened 
cotton wool on its bottom was, in each turn, put into a 
standard sticky trap “Attracon—A”. Collection of the 
attracted males was made within the first three days of 
the female’s life, after which it was transferred into a 
Petri dish for coupling with some male. 

Preparations of genitalia for determining a morpho- 
logical type were made from all imagos after their death. 


Results 


I. The scheme of conducting crossings 


The scheme of experimental crossings is given in 
Fig. 1. The scheme is based on the supposition men- 
tioned earlier that the complex of the adaptive traits 
under consideration and connected with a phenotype is 
transmitted through the male genotype [Safonkin & 
Kulikov, 2001]. It is seen that in line 1, contrary to line 
2, all crossings of females were made with the heterozy- 
gous genotype of males (P'P’). In line 2 in 1998, with 


crossing a male with phenotype A+B and a female with 
phenotype D (from a heterozygous male) in the F, 
generation, a male of genotype P’P* was selected and 
crossed with a near-related female. In the4th generation 
the crossings of males and females of lines 1 and 2, as 
well as of females from other lines, were carried out. 


II. The emergence of imago of different lines 


Since Archips podana can have two generations a 
year in the region near Moscow, its development to the 
imago stage depends much on the duration of the photo- 
period. Without additional daylight at the beginning of 
July, most larvae of the spring-summer generation (3rd 
in Fig. 1) go into a diapause in the third instar, passes the 
winter, finishes eating in the spring of the following year, 
and the flight of the imago takes place at the beginning 
of June. The larvae of the autumn generation (4th in Fig. 
1), which emerge in August, also reach the third larval 
instar quickly and leave for wintering. So, the attraction 
of females of the 3rd and 4th generations in the experi- 
ment conducted was studied in the summer of 2000. 


Ill. Characteristics of female attraction 


The analysis of the female attraction of the 4th 
generation has shown that the ratio of phenotypes among 
the males trapped does not differ. For the 3rd generation, 
with an external similarity of the pattern of catches, one 
can see principal differences in the female attraction of 
the two lines. Criterion %? shows a trustworthy differ- 
ence in the ratio of male phenotypes (x? =11.29, df=3, 
p<0.05). In the second line females began to attract 
males of phenotype 0, therefore the quota of the geno- 
type P?P? (phenotypes B and 0) does not differ from the 
average one. In the first line, unfortunately, only one 
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Table 1. Attractiveness of females of the 3rd and 4th 
generations of the two lines in the field experiment of 
2000. 

Ta6anya 1. ArrpaxruBHocTs camoxK 3-ro n 4-ro 
HOKOACHUM ABYX AMHUM B WOAeBOM aKcHIepumeHTe 2000 r. 


Phenotypes of males, % 





Number of 
males per 
female A 


Line No., 
generation 



















3rd gen. (1) 


69.33+24.68 | 36.06 | 19.71 | 0.0 | 


54.28415.19 | 42.57 | 15.26 38.95 
49.00+15.41 | 35.58 | 18.61 | 0.0 | 45.81 


The number of females is shown in parentheses. 


26.92 


4th gen. (4) 44.23 


3rd gen. (7) 





4th gen. (10) 





Table 2. Phenotypic diversity of the two investigated 
lines of Archips podana (according to the results of 
1999—2000). 

Tabauya 2. DeHorumuyecKkoe pasHoobpa3zue AByX 
UCCACAYEMBIX AUHUM BCeAAHOM AMCTOBepTKU (110 


pesyantatam 1999—2000 rr.). 


Quantity of imagos in the filial generation 











female survived after the diapause. It is, therefore, not 
possible to make a trustworthy comparison between the 
lines. However it has been noted that an increase in the 
quota of males type A takes place at the expense of a 
decrease in the quota of males of type A+B. 


IV. Analysis of the posterity from the 3rd generation 


Data on the structure of the filial generation from 
males of the first and second lines in the 3rd generation 
are stated in Table 2. The table contains the summary 
quantities of phenotypes of imago, i.e. emerged both in 
the autumn of 1999 and in the spring of 2000. 

The peculiarity of the inbred posterity from crossing 
a phenotype B male and a female C of the second line, 
besides the presence of phenotype B males only, is that 
there were also one phenotype 0 male and one hermaph- 
roditic pupa perished at a later stage of the development. 


V. Sexual activity of imago 


The activity of males of Archips podana was ana- 
lyzed in an earlier work [Safonkin & Kulikov, 2001]. 
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Table 3. Success of the reproductive behavior of males 
and females of Archips podana Scop. under the experi- 
ments of 1999—2000 in crossings between different 
lines and inside one line. 

Tabanya 3. Ycrex penpoAyKTUBHOTO TOBeACHUA CaMYOB 
U CAMOK BCeETAHOU AMCTOBEPTKU INO ƏKCHEPNMEHTAM 
1999—2000 rr. B cKpenjuBaHUAX MEXKAY pasHbIMu 
AMHUAMU U BHYTpM OAHOM ANHUM. 


Between the lines Inside one line 


Phenotype of a female * 








* phenotype Z in the posterity of these lines has not been discovered. 
K1 — quota of the fertilized females in crossings between the lines, 
K2 — quota of the fertilized females in crossings inside the line. 


Males of phenotype B have a higher activity, therefore 
the number of successful couplings of this phenotype 
(by the presence of spermatophore in the copulatory 
pouch of the female), to the unfertilized, is 2.6, while 
A+B has 1.9 and A — only 0.6. 

The success in coupling males and females between 
the lines in the experiment is close to the average 
observations of many years, while this process between 
individuals inside one line is reduced sharply (Table 3). 
The estimation of the compliance of the success in the 
above process between individuals of different lines and 
inside one line by criterion’ shows a difference both as 
a whole between successful and unsuccessful couplings 
of individuals in two versions of the experiment and for 
males of phenotype B (x? 2 7.61, df= 1, p<0.01). 


Discussion 


As it was shown by us earlier [Safonkin & Kulikov, 
2001], males of phenotype 0 are constantly met in the 
investigated populations over the area in the quantity of 
1-2% out of the caught males. Males of this phenotype 
lack the morphological trait of phenotype B but have the 
same genotype P?P*. However, as to behavioral charac- 
teristics, namely the flight to synthetic analogues of the 
pheromone ofa female, males of phenotype 0 are closer 
to the behavior of phenotype A males. It is characterized 
by the fact that males of phenotypes A and 0 were caught 
in a greater number by traps in which, as a lure, an 
attractant with cis-11-tetradecenol in amount of 0.03— 
0.2 mg per | mg of the main components of cis- | 1/trans- 
11-tetradecenyl acetates was used. At the same time, 
males of phenotype B flew better to the attractant in 
which cis-11-tetradecenol amounted only to 0.005 mg 
per | mg of the main components. It may mean that males 
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with a reduced morphological trait in the structure of 
genitalia compete less with males of their own pheno- 
type B. So it is known that Anagasta kuhniella [Robin- 
son, 1971] has a gene which lowers the viability but, 
possibly, changes the short-distance behavior of indi- 
viduals. Because of differences in the rate of develop- 
ment, imagos with the changed genotype prevail at the 
beginning and at the end of the flight period of the 
generation. At the population level it means that a 
selective coupling of imagos will show itself to a definite 
level. As to Archips podana, males of phenotype A are 
less capable of a successful coupling with females of all 
phenotypes. Therefore the flight of a small quantity of 
more active males of phenotype 0 to the pheromone, 
which to a greater degree attracts males of phenotype A, 
raises the probability of leaving posterity because of 
lessening the competition between individuals. 

The analysis of the distribution of the phenotypes in 
the filial generation in the two investigated lines of the 
leafroller has shown that, as a result of the near-related 
crossing, the third generation of line 2 has become more 
homozygous, as to the trait inherited, than the posterity 
of line 1. It has been confirmed by two facts: firstly, the 
appearance of a phenotype 0 male, besides those of 
phenotype B, and a hermaphroditic individual in the 
posterity; secondly, the attraction of males without the 
lateral spine on the aedeagus (phenotype 0) by females. 
Moreover, with the inbreeding a significant decrease in 
the number of successful couplings takes place. So, the 
inbred crossing in this species leads to negative conse- 
quences, especially for the following generation. 

There is an optimum of the genetic diversity in 
natural populations, the deviation from which to any 
side leads to unfavorable biological consequences [AI- 
tukhov et al., 1996; Altukhov & Blank, 1999]. As to 
Archips podana, it is known that females of different 
phenotypes may differ in the composition of the phero- 
mone secreted [Safonkin, 2000a]. With the inbreeding, 
a paradoxical situation occurs. The appearance of phe- 
notype 0 males in traps with females shows that females 
of all phenotypes began to attract, to a greater degree, 
males of genotype P'P' opposed to the paternal genotype 
P°’P*. As a result, there arises the probability of appear- 
ance of the heterozygous genotype P'P’ in the posterity 
of all individuals of the population. 

We also wish to note another aspect of this problem. 
In the population phenetics the conception of the adap- 
tive behavior is known, which postulates that within one 
species there can be both groups of individuals-general- 
ists and those of individuals-specialists [Sergievsky, 
1988; Via, 1990]. For Archips podana, phenotypes A 
and B mark individuals-specialists, while A+B marks 
individuals-generalists [Safonkin, 2000b]. The ratio 
between these groups depends on environmental factors 
and, as to time, is rather stable, the heterozygous pheno- 
type A+B being a buffer system of the population. 

At all stages of the vital activity in the posterity of 
individuals of Archips podana one can discover compe- 
tition between different forms: in imago, in the process of 
the reproductive behavior; at an egg stage, the imprinting 
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may take place since individuals whose morphology 
corresponds to the paternal phenotype, particularly for 
genotype P?P?, prevail among the larvae emerged; and, 
indirectly, in larvae in the process of feeding on different 
plants [Safonkin & Kulikov, 2001]. Consequently, there 
is a tendency to a constant appearance of homozygous 
genotypes P'P' or P’P”, i.e. of insects-specialists. But S. 
Kelley and B. Farrell (1998) put a question: “Is special- 
ization a dead end?” Investigating the population of 
Archips podana from this position, we wish to note that 
the main function of imago is to leave a posterity. For 
moths, including Tortricidae, this function is mainly 
defined by a success in the reproductive behavior on the 
basis of sex pheromones. Therefore, the base line for 
homeostasis of a polymorphic population is introduced 
just through the mechanism of selecting a sex partner. 

So, for the population of the leafroller under study 
the answer to the question put in the scientific literature 
is affirmative, since at the population level “the support” 
of generalists takes place. 
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